HE genesis of the electro-and vectorcardiographic patterns known as incomplete right bundle branch block (IRBBB) has not been fully clarified. The majority of experimental studies concerning this subject deal only with IRBBB produced by damage to the main stem of the right bundle branch.1)- 4) In 1917, Oppenheimer and Rothschild5) reported that certain abnormalities of the ventricular complex, the so-called "arborization block", were due to defective conduction of the impulse beyond the subdivisions of the branches of the bundle of His. Due to lack of experimental evidence, however, this conception was not accepted.1),6) Wilson and Herrmann1), 6) system. Moore and associates8) analyzed electrocardiographic changes caused by sectioning free-running false tendons in the right ventricle of dogs. They postulated that many cases of IRBBB are due to damage to the false tendons in dogs (moderator band in man). However, in their illustrations of vectorcardiograms after sectioning, the horizontal plane QRS loops are inscribed in a clockwise direction and are situated anteriorly. This would seem to explain only one type of IRBBB.
Recently, this laboratory9),10) introduced a new experimental method which was highly suitable for producing, under direct vision, very precise localized lesions on the endocardial surface of the canine heart. In this method, the canine heart, perfused with transparent Tyrode's solution by means of Langendorff's technique was used. Direct vision of the right ventricular cavity could be easily obtained through the cut in the right atrium and the tricuspid opening during the incising procedure. The transparency of the perfusate further enhanced the visualization.
The present study was undertaken to investigate the genesis of IRBBB The position of the heart was anterior and to the left of the central axis of the elliptic cylinder, and on the level about one third of the height below its upper edge. The right ventricle was placed in the proximity of the anterior surface of the elliptic cylinder. The left ventricle lay posterior and to the left of the right ventricle. The elliptic cylinder was designed as a simplified model of the human torso. The dimension of the elliptic cylinder (major axis: 21cm., minor axis: 18cm. and height: 40cm.) was determined so that the ratio of its cross section to the weight of the canine heart would be as close as possible to the ratio of the cross section of the human torso to the weight of the human heart. ECGs and VCGs were recorded by electrodes permanently implanted on the surface of the cylinder (Fig.1) . The electrodes were positioned so that they would be assumed to be equivalent to those of the conventional 12 leads and Frank lead system. Orthogonality and normality of Frank lead system attached to the elliptic cylinder were checked experimentally and confirmed to be sufficient.10) Detailed descriptions of this apparatus have been reported previously.
To insure proper visualization of the inside of the right ventricular cavity, a right atriotomy was performed to remove as much of the right atrial wall as possible. Under direct vision, one of the subdivisions of the right bundle branch was incised through the opening of the right atriotomy and the tricuspid valve with ophthalmologic scalpels.
Conventional 12-lead electrocardiograms (Leads VR, VL, and VF were used instead of aVR, aVL and aVF) were amplified with an electroencephalograph (Nihon Kohden model ME-9) and were recorded with an electromagnetic oscillograph (Yokokawa Electric Works model EMO-62) at a paper speed of 20cm./sec. Using Frank lead system, horizontal, frontal and left sagittal plane vectorcardiographic loops were simultaneously displayed on a vectorcardiograph (Fukuda Electro Co. Model VA-3) and photographed on 35mm. film.
In 3 of the experiments in which electro-and vectorcardiographic changes were studied to determine the activation time on the right ventricular wall, contiguous bipolar electrograms were also recorded from 4 points on the epicardial surface of the right ventricle. The contiguous bipolar electrograms were amplified with the electroencephalograph and were recorded with the electromagnetic oscillograph at a paper speed of 40cm./sec. After each experiment, Lugol's solution was applied to the endocardial surface of the right ventricle of the now no-longer-functioning heart, thereby staining the conduction system and verifying the location of the incision.
Meticulous observations were made of the Lugol-stained right bundle branch and its subdivisions. These observations were collated with those of Uhley and Rivkin11) to obtain the following designations used in the present report (Fig.2) . The right bundle branch appears as a bundle beneath the tricuspid valve, continues on the septal surface anteriorly and inferiorly without branching, and reaches the anterior papillary muscle. This was designated as the main stem of the right bundle branch. After reaching the anterior papillary muscle, the main stem divides into numerous strands. The comparatively large strands which fan out to the anterior part of the inferior septal surface were designated as the anterior subdivision. The strands which pass along the inferior part of the posterior papillary muscles were the posterior subdivision. The largest strands which bridge the right ventricular cavity and reach the free wall were designated as the lateral subdivision. The last ones are so-called false tendons. 
RESULTS
The changes generally observed in this series of experiments, despite the location of incision, are described first. They are not included in the presentation of the results below. The QRS duration ranged from 38 to 75msec., the average being 54msec., before incision. It did not become significantly prolonged in any experiment after incision. The maximum prolongation was 16msec. Decreases in the amplitudes of R waves in Leads II, III, VF and V1 were observed in nearly every case. Also conspicuous in almost all cases were decreases in the anterior force of the initial portion and in the downward force of the QRS loop of the vectorcardiogram.
The changes most commonly observed in experiments in which each subdivision was incised are described below. Jap. Heart J.
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In the horizontal plane QRS loop, the afferent limb became displaced to the right and posteriorly. In the frontal plane the afferent limb became significantly displaced to the right. The efferent limb did not extend as far to the left as before incision in both horizontal and frontal planes. No characteristic change was observed in the left sagittal plane. Significant delay in the inscription of the terminal portion was not observed in any of the 3 planes .
Group C: Pattern without remarkable changes: Three of the 17 cases (i .e. 18%) revealed no remarkable changes in pattern. The changes generally found in this group were: decreases in the amplitudes of R waves in Leads I , VL and V4 through V6; increases in the amplitudes of S waves in Leads V2 and V3; and decreases in the amplitudes of S waves in Lead III. The horizontal plane QRS loop became displaced posteriorly. In the left sagittal plane the force going posteriorly increased slightly. The loop did not extend as far upward as before incision in the frontal and left sagittal planes. No significant delay was observed in the inscription of the terminal portion of the 3 planes. Although there were similarities with the changes in Groups A and B , the electro-and vectorcardiographic pattern changes in Group C were not pronounced.
II. Incision of the Anterior Subdivision
Only slight electro-and vectorcardiographic changes were observed in each of 3 cases. The most frequently noted changes were an increase in the duration of the initial R wave and a decrease in the amplitude of the S wave in V1. The posteriorly situated portion of the left sagittal plane QRS loop became displaced slightly upward.
III. Incision of the Posterior Subdivision
After incising the posterior subdivision, there were no significant changes in electro-and vectorcardiograms in each of 3 cases. The only commonly observed change was a decrease in the amplitude of the R wave in Lead V3.
IV. Activation Time on the Epicardial Surface of the Right Ventricle
In order to examine the causes of the variability of QRS pattern changes after incision of the lateral subdivision, the exact region which the lateral subdivision dominates was investigated. For that purpose the activation times at 4 points on the epicardial surface of the right ventricle were measured before and after incision of the lateral subdivision. The region which showed the significant delay in the activation time after incision was considered to be the region which the lateral subdivision dominated before incision. Three of the above experiments in which the lateral subdivision was incised were used to study the activation time of the epicardial surface of the right ventricle.
The activation time at each of 4 points was measured from the beginning of the QRS duration in Lead II. Before incision, the point on the anterior septal margin became activated at 8 to 15msec.; that on the midportion of the basal region at 23 to 28msec.; that on the posterior septal margin at 30 to 33msec.; and that on the pulmonary conus region at 30 to 43msec. After incision, the points became activated, respectively, at 8 to 13msec., 38 to 50 msec., 30 to 43msec. and 33 to 43msec.
The activation time at the point on the midportion of the basal reigion of the epicardial surface of the right ventricle became delayed 15 to 28msec. due to incision of the lateral subdivision. Activation times were not significantly altered at the points on the anterior septal margin, pulmonary conus region and posterior septal margin. Therefore, the region which the lateral subdivision dominates was considered to be the midportion of the basal region in each of 2 cases showing Group A pattern as well as one case showing Group B pattern. DISCUSSION Uhley and Rivkin,7) to incise the right bundle branch under direct vision, opened the right ventricle in dogs using a cardiopulmonary bypass. However, procedures such as ventriculotomy and cardiopulmonary bypass might produce electrocardiographic changes.12) To avoid such undesirable effects, Moore and co-workers,8) performed the incision, under direct vision, through the opened right atrium with venous inflow from the venae cavae and azygos vein temporarily occluded. Occlusion of venous flow, however, could be maintained for only 2min.
A new method devised by this laboratory,9),10) and used in the present study, excludes such disadvantages. Furthermore, the procedure in this method utilizes Tyrode's solution instead of blood as the perfusate, and the transparency of Tyrode's solution provides extremely clear visualization of the right ventricular cavity. Therefore, localized lesions are very precisely located on the endocardial surface of the canine heart under direct vision.
In the present series of experiments, electro-and vectorcardiograms were recorded from the surface of an elliptic cylinder (a simplified model of the human torso) filled with Tyrode's solution. This is in contrast to recording from the surface of the canine body. The shape of the canine torso and the heart position in it, of course, are so different from those of the human torso that it seems to be rather difficult to correlate precordial electrocardiograms recorded from canine thoraxes with human precordial electrocardiograms. In the present study the elliptic cylinder was designed to closely simulate the human torso. When a perfused heart is suspended within the elliptic cylinder in a position resembling the human heart position, it can be theoretically assumed that precordial electrocardiograms recorded from the surface of the cylinder would resemble those recorded clinically. As regards vectorcardiographic lead system employed in the in situ experiments by other investigators, their orthogonality and normality have not been confirmed experimentally. However, orthogonality and normality of Frank lead system used in this study, that is, those of Frank lead system attached to the elliptic cylinder, were examined by measuring lead vectors10) and proved to be sufficient.
Only slight changes in QRS patterns were induced by incision of the anterior or posterior subdivisions. No significant prolongation in QRS durations was observed. These minor changes may be attributed to the slight effect these procedures have upon the spread of the activation process, as described by Wilson and Herrmann.1),6) There are many small strands of conducting tissue between the anterior or posterior subdivision and other subdivisions. Thus, the activation is conducted to the peripheral region through these bypasses without significant delay or significant change in its course, even when the anterior or posterior subdivision is incised.
Only the incision of the lateral subdivision induced significant changes in QRS patterns, although the QRS duration was not prolonged. This can be explained as follows: As the lateral subdivision bridges the ventricular cavity, it is probably a much shorter path for the activation to reach a certain portion of the free wall of the right ventricle than other paths along the endocardium. Thus, the arrival of the activation in that portion will become significantly delayed after incision of the lateral subdivision.
According to the result of the activation time study, the midportion of the basal region on the epicardium of the right ventricle was that which revealed a significant delay in activation after incision of the lateral subdivision. This fi nding agrees with that of Moore and co-workers.8) In a typical case, a point on that region became activated 23msec. after the beginning of the QRS complex in Lead II before incision. After incision, it became activated at 38msec. Before incision, the QRS duration was 58msec., and after incision it was 60msec. This demonstrates that incision of the lateral subdivision delays activation of the midportion of the basal region on the right epicardial surface and that the delay is not adequate to cause an increase in the QRS interval. However, it appears that the delay is long enough to upset the balance between the right and left ventricular electromotive forces, thereby causing QRS pattern alterations.
Before incision, the sequence of activation on the epicardial surface of the right ventricle can be outlined as follows: The anterior septal margin is activated earliest, followed by activation of the midportion of the basal region, 
